Enzymatic syntheses of water soluble Bakuchiol glycosides were carried out in di-isopropyl ether organic media using amyloglucosidase from Rhizopus mold. The reactions were carried out under conventional reflux conditions and in supercritical CO2 atmospheric conditions. Out of the eleven carbohydrate molecules employed for the reaction, D-glucose, D-ribose and D-arabinose gave glycosides in yields of 9.0% to 51.4% under conventional reflux conditions. Under supercritical CO2 atmosphere (100 bar pressure at 50 
Introduction
Bakuchiol (I) is a biologically active mono-terphenic phenolic compound having a single hydroxyl group on the aromatic ring and an unsaturated hydrocarbon chain. Bakuchiol is isolated from the seeds of Chiba Psoralea corylifolia L. distributed all over the subcontinent extending well into Southeast Asia. The seed-oil is used externally for the treatment of leucoderma, psoriasis and leprosy in Indian folk medicine. 1 The plant, known as Bakuchi in Sanskrit, has been used in Ayurvedic medicinal system as a cardiac tonic, vasodilator and pigmentor. It is widely used in Chinese medicine to treat a variety of diseases and possesses antitumor, antibacterial, cytotoxic and antihelmenthic properties. 2 Thermally sensitive bakuchiol, psoralen and isosporalen, the major components present in the seed possess important therapeutic properties.
Earlier studies on the principal components of Chiba seed have shown significant antibacterial and antioxidant activities and a great potential for use in food additives and mouthwash for preventing and treating dental caries. 3, 4 Synthetic antioxidants such as butylated hydroxyl-anisole (BHA) widely used in food industries are known to cause liver damage and carcinogenesis. 5, 6 Hence, development of effective non-toxic antioxidants from natural sources is very much desired.
Bakuchiol exhibits poor water solubility, stability and absorbability. Glycosylation improves the pharmacological property by increasing the water solubility of Bakuchiol. One-step enzymatic glycosylation is useful for the preparation of glycosides rather than chemical glycosylation, which requires large number of protection-deprotection steps.
Production of fine chemicals results in generation of considerable solvent waste as synthesis generally includes number of steps. Typically one kg of end product leads to generation of 15 kg of wastes. Most of them are solvents and by-products. Therefore, several reactions were performed in water or in supercritical fluids (SCF) recently. Manufacturing processes in liquid and supercritical fluids (SCF) are advantageous in terms of energy reduction, ease of product recovery, lesser cost of downstream processing and reduction in side reactions.
The advantage of using supercritical carbon dioxide as a reaction medium is well documented. [7] [8] [9] [10] Recently, use of supercritical CO2 (SCCO2) as a solvent in enzyme-catalysed reactions has been a matter of considerable research interest because of its favorable transport properties that can accelerate masstransfer-limited enzymatic reactions. Since the first reports on the use of SCF as reaction media in 1980s, several studies on enzymatic oxidation, hydrolysis, transesterification, esterification, interesterification and enantioselective synthesis have proven the feasibility of enzymatic reactions in supercritical fluids. [11] [12] [13] [14] [15] [16] [17] The temperature range employed in supercritical carbon dioxide processing is favorable for the use of enzymes as catalysts besides providing a medium for the recovery of products or reactants without many unwanted process steps.
Enzymatic glycosylation of bakuchiol with different carbohydrates in supercritical fluid media has not been reported in literature. Hence, the present study is attempted to prepare water soluble bakuchiol glycosides enzymatically using amyloglucosidase from Rhizopus mold utilizing different carbohydrate molecules in two different environments: one under conventional reflux conditions and another under SCCO2 conditions.
Bakuchiol
Bakuchiol glycosides Glycosylation procedure-conventional reflux method. Syntheses of bakuchiol glycosides involved refluxing bakuchiol (0.5 mmol) with 1.0 mmol carbohydrates in 100 mL di-isopropyl ether in presence of amyloglucosidase (40% w/w carbohydrates), DMF 5.0 mL and 0.1mM (in 100 mL di-isopropyl ether), pH 6.0 buffer for an incubation period of 72 h at 68 o C (Scheme 1). After the reaction, the solvent was evaporated and the enzyme denatured at 100 o C by holding in a boiling water bath for 5∼10 min. The residue containing unreacted bakuchiol, carbohydrates, along with the product glycosides were dissolved in 15∼20 mL of water and the reaction mixture extracted with hexane to remove unreacted bakuchiol. The dried residue was subjected to HPLC analysis to determine the extent of conversion. All the reactions were performed in triplicate and the mean values are shown in tables. Unreacted carbohydrate was separated from the product glycosides by size exclusion chromatography using Sephadex G15 column (100 cm × 1 cm), eluting with water at 1 mL/h rate. Individual glycosides could not be separated satisfactorily, due to similar polarity of the glycosides formed.
Syntheses of the other bakuchiol glycosides were carried out at the above determined conditions, with bakuchiol and carbohydrates: aldohexoses Glycosylation procedure at SCCO2 conditions. Syntheses of the bakuchiol glycosides were carried out with bakuchiol and carbohydrates in supercritical CO2 atmosphere of 100 bar pressure at 50 o C. The reactor vessel along with the CO2 supply system is shown schematically in Figure 1 . It consists of a reactor of 120 mL capacity with a magnetic stirrer and a recirculating fluid loop by means of a pressure differential for sampling through a Rheodyne valve with 0.5 mL loop for sampling. Total volume of about 50 mL of the reactor vessel was thermostatically controlled to maintain a constant temperature. Reaction Process conditions employed are: bakuchiol (0.5 mmol) and carbohydrate (1.0 mmol), amyloglucosidase (40% w/w carbohydrates), DMF 15 mL, and 0.1 mM, pH 6.0 phosphate buffer and 24 h of incubation period. The CO2 was then released and the reaction products were taken out in 15∼20 mL of water, evaporated to dryness and subjected to analyses by HPLC and NMR.
Antioxidant activity measurement. Antioxidant activity of bakuchiol and bakuchiol glycosides were determined by DPPH (2,2 diphenyl-1-picryl hydrazyl) radical scavenging method. 19 The reaction mixture contained 0.1 mL of test sample (5 ~ 10 mM) and 1.0 mL of DPPH (0.36 mM) with the final volume adjusted to 2.0 mL of 0.1 M Tris HCl buffer (pH 7.4). The reaction mixture was incubated at room temperature for 20 minutes in the dark and the antioxidant activity was determined by monitoring the decrease in absorbance at 517 nm on an UV-Visible spectrophotometer (Shimadzu, UV 1601). Butylated hydroxy anisole (BHA-5.6 mM) was used as the positive control. IC50 value for the antioxidant activity was expressed as the concentration of the glycoside corresponding to 50% decrease in absorbance value of DPPH from a plot of decrease in absorbance versus concentration of the glycoside. Error in activity measurements is ± 5%.
Angiotensin Converting Enzyme (ACE) inhibition assay. ACE inhibition assay for the bakuchiol and bakuchiol glycosides were performed with ACE isolated from pig lung by the Cushman and Cheung method. 20 Aliquots of glycoside solutions in the concentration range 0.2 to 1.8 mM (0.1 mL to 0.8 mL of 2.0 mM stock solution) were taken and to this 0.1 mL of ACE solution (0.1% in 0.1 M phosphate buffer, pH 8.3 containing 300 mM NaCl) along with 0.1 mL of 2.5 mM hippuryl-L-histidyl-L-leucine (HHL) were added and incubated in a water bath for 30 min at 37 o C. Blanks were performed without the enzyme. Hippuric acid released was estimated from a calibration plot yielding 0.0105 Abs units/nmol hippuric acid. Percentage inhibition was expressed as the ratio of specific activity of ACE in presence of the inhibitor to that in its absence, the latter being considered as 100%. IC50 value was expressed as the concentration of the inhibitor required for 50% reduction in ACE specific activity. Error in measurements is ± 5%. o pulse widths were 12.25 and 10.5 µs, respectively. Chemical shifts were expressed in ppm relative to internal tetramethylsilane standard. About 40 mg of the glycoside sample dissolved in DMSO-d6 was used for recording the spectra in magnitude mode with sinusoidal-shaped z-gradients of strength 25.7, 15.42 and 20.56 G/cm with a gradient recovery delay of 100 µs to defocus unwanted coherences. Increment of t1 was in 256 steps with a computer memory size of 4 kB. The spectra were processed using unshifted and π/4 shifted sine bell window function in F1 and F2 dimensions, respectively.
Product characterization. Isolated glycosides besides measuring melting point and optical rotation were also characterized by recording UV, IR, Mass and 2D-HSQCT NMR spectra which provided good information about the nature and type of products. In 2D-HSQCT some of the assignments are interchangeable. Only resolvable signals are shown. The glycosides, being surfactant molecules tend to aggregate in solution giving rise to broad signals, thus making it difficult to resolve the coupling constant values of some of the signals. 
Results and Discussion
Glycosylation of bakuchiol using conventional reflux method resulted in glycosides of D-glucose, D-ribose and D-arabinose only (Table 1) (Table 2) . Since, the SCCO2 conditions are mild, they are used as ideal conditions for the formation of glycosides . 2DHSQCT NMR confirmed the formation of anomeric C1α and C1β products as well as C6 arylated products, especially C1 and C6 arylated products of D-sorbitol and D-mannitol.
Antioxidant activity. Antioxidant activities of glycosides of bakuchiol and ACE inhibitory activities of bakuchiol glycosides are presented in Table 3 
